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(54) MEMBRANE SEPARATION EQUIPMENT
(57)Abstract: '
PURPOSE: To maintain filter resistance low for a long
~ time and to provide a maintenance-free membrane
" separation equipment.
CONSTITUTION: The objective equipment consists of
flat membrane modules 3 each of which is a filter
medium consisting of a spacer 4 and a UF or MF
membrane 5 (a planar separation membrane), a vessel 1
which is equipped with one or more flat membrane
modules 3 and receives suspension liquid, and diffusing
parts 9 of a diffuser arranged at the lower part of the flat
membrane module 3 or at the lower side part of the filter
- -medium. When the quantity of diffused air per hour from
the diffuser is intennitténtly set large by a blower 11, a
blower 13 and a valve 12, the movement of the
‘suspension liquid is generated by gas 10, thus capable of maintaining the cleanness of the
membrane surface. '
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separation membrane), & vessa! 1 which s equipped with one or more flat membrane

modules 3 and receives suspension fiquid, and diffusing parts 9 of a diffuser-amanged et
tha lower part of the flat membrane module 3 or &t the lowor side part of tha fitar medium.
When the quantity of ditfused air per hour from the diffuser i3 intormittontly sot targe by a

blower 11, 2 blower 13 and a valve 12, the movement of the suspension iquid is

generated by gas 10, thus capabla of maintaining the cleanness of he membrane surace.
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($4) [Tido of the invention] Mombrane Soparation Dovice

(57) [Abatract) :

fObjsct) An object of the present invention is 10 provide a
membeane separation devics thet can matntain low filtration
hremhnoomta long periad of time and thal is maintensnce

0,
{Constitution} The prasent invention comprises a fiat
membrans module 3, which is a fiter body comprising a spacer
4. and a 83t separation membrane that is a UF or MF membrone
5: a tank 1 In which no Jess than one sald flat membrane module
3 is ditposed, snd which receives a liquid suspension; and a
diuser member © of a diflusion device disposed betow aid flal
membrane modute 3, or betow and to one skde of said fiter body;
8n inlermitlentty greater fow of diffused gas from diffusion device
per und of time is established by 2 biower 11, a blower 13, and a
vaive 12, snd the membrans surface is maintained claan by the I —
2clion of the fiquid suspension generated by tha gas 10.

mronre ’-;mlfn
tiction prp

e

9

7 odied glpe

12 vave

————
7
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wafyse Q-H

14 biower
@
13
blowse

& membiane mode 3
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- sludge and fibrous-components without removing
membrane

{Chiims] .

{Claim 1) A membrane separation device charactenzed in that
this compnisas: a filer body compnsing a spacer and a fiat
separation membrane: a tank in which no Jess than one taid filter
body is dispased, and which receivas a hiquid suspension; and 2
diffusion device having 8 diffuser member disposed below said
fiter body, or below and to ona side of said filter body, [the
membrane separation device] being provided with means for
estabhishing an ntermitently greater flow of diffused gas from
$3!d diffusion device per unit of time.

(Detatiad Description of the tnvention]

{coo1]

(Fleld of Industriat Application] The present tvention relates
to a membrane separation device capable of providing simple
and effective membrane separation of various freely selected
suspensions (for example. suspensions of microbiological
pasticles, inorganic particles. and the fike), 50 as to produce 2
clasified separated fiquid.

{0002)

[Prior Art] Conventionally. devices are known wherein a
pemmeste I3 produced by immersing a hoflow-fiber membrans
bundia madule In an ascation tank {sea FIG. 4).

[0003) The device shown in FIG. 4 Is such that a holtow-fiber

" membrane module 22 Is immersed in an acration tank 21: sk 24

is supplied from an akr difusion pipe 23 30 as to maintaln growth
of microorganisms by keeping the Interior of the tank serobic
while maintaining tha filtsr function of the holiow-fiber membrane;
2 suction pump 25 is used to oblain penmeats 26 from the
susponsion within the tank which has been microbiologically

[0004] However, when the present inventors did additionat
tosts on this prior ait, they found the following serlous
dicadvantages and judgad the practicallty thereof to be inferior.
That is to 33y, the devica shown in FIG. 4 has the fotiowing
disadvantiages.

[0005] (1) SS particles, such as aclivated siudge or fibrous

components, get into the hollow-frer membrane bundles and

adhere or bacome affixed thersto, causing the fftration resistance
to rise sharply. (2) Washing away SS componsnts which have
gotten into the lnterior of the hollow-fiber membrane bundies Is
extremely difficult; it Is not possidle to wash away the sdherent
the hollow-fibes

umdulo.undohci.audsmhgiwihhigh—pmm

waler. This Is extremely labor-intensive, and i 4s practically

h?ouiblolohvbmmmmopmtion&

. [Probleme to Be Soived by the Invention) The present
mventionkdkwedalcompmlysotvirogmamajwpmblemsof
ﬂwmvenﬁonadwbudosaiedsbovo;anoﬁedmmofhlo
provide @ novel technology which can maintain low filtration
z:stanceomahngpododoﬂ!me.mdwﬁdﬂsmimwm

{0007}

{Means for Solving the Problems) in arder that the present
invention soive the problems of he pitor ant, various studies were
conducted, and as 3 resull, ¥ was discovered that the
convenﬁonodprob&e’mco‘ddbesolvecby(hefoﬂowingmams.
and fin this manner] the prosent invention was completed.

[0008] That is fo say. the prosent ivenbon is a membrane
Separation device charactenzed-in-that Uiis comprises: a filtge
body comprising a Spacer and a fiat separation membrane, a
laqkhwhachnolessmanoﬂesaidimefbodylsdispom.and
m:maaﬁqﬁdwspMWadmmnavhg
a difuser member disposed below said fitter body. or below and

"+ to one side of $3id fiter bady. (the membrane separation dovice]

JP-04-265128-A Page 2

being provided wilh means for establishing an mtesmitiently
greater flow of diffused gas from said dfusion device pes unit of
tme.

[0008] The following are novel ideas of the present invention.
(1) The use of hofiow-fiber mombranes is sbandonad; a fitter
body is used having 2 flat separation membrane wherein the
shape makes it impossible for suspended solids 10 become
trepped at the interior of bundies.

(0010] Conventionally, methods wherein fisl separation
membranes were provided in filer presses and dehydrator
structures were known, but the idea of & these in an
aerstion tank as part of @ method such as that of.the present
invention has never belore existed.

(0011} {2) 1t was discovered that # was possibte to effactively
prevenl mambrane soiling by intecmittantly increasing and
decreasing the amount of diffused gac so as lo creale a
disturbance at the membrane surface. The fiter body used in the
present iavention has a filter member comprising at teast a

spacer and a Nat separation filter. There are no particutar .

restrictions on the construclion of this filtar member, s6 fong s
the construction of the filter member functions so that a
suspension is filtared ai least at the exterior of o fiat &eparation
mombrene s that the filtrale maves o the interior of this
membrane, and this is further provided with means for removing
the fillrate that has been moved. Howaver, the exterior shape of
the fiiter member is preferably such that, when the fitter body is
disposed within the tank, the entire surface.of the flat separation
membrane can easily be contacted by bubbles supplied from the
diffusion devica end by the curronts caused by the bubbles.

[0012] The extertor surfaca of this Miter member is formed as a
flat separation membrane, but it is not absolutaly necessary that
the anlire exterior surface be formsd as a flat separation
membrane; this can be formad locally on a suitable dasired’
surface cegion.

[0013] Furthermore, ¢o long as tha form of the exterior surface
of the fat separatlion membrana satisflas the aforementioned
conditiona, there are Ao particuar rostrictlons theracn; this Is not
limited to fia surfaces; end lreely chosen cutved sudfaces are
encompassed thereby. So long as the spacer functions at least to
Support the flal seperation membrans whila malntsining a space
which allows the fitrale to move to the intedor. the construction .
tharco! may be freely choson, and there are no ¢
restrictions therson. Furthermore, means for removing the filtrate
whld:hasmovodlotho'ww_ion such ac an oullel pipe, can be
provided.

{0014] The materiod from which the spacer ls consiructed and
the specific shape of tho construction may be freely chosen: this
can ba a simpie body wilh 8 sofid inferior or a simple body with 2
hotlaw interior, or a frame, or 3 combination of these. Exemplas
include a frame, 2 simple plate with 8 sofid intarior, 8 plate
provided with a holiow Interior, a fattice, elc. In terms of the

constuction materiat, 8 porous material having a fter function is

perticularly preferable, and in terms of the shape. a plate is
particularly preferable. :

{0015] in tenms of the means for supporting the fiat separation
Mmombrane on the spacer. adhesives, auts and bolts. magnets,
and the like can ba used. Accordingly, the external shape of the
fiter mamber of the filter body can be freely delermined
8ccording to the shape of the spacer and the method of hoiding

" ihe flat separation membrane against e spacer. examplos

includa plates, rods, inverted cones. and the lixe. In the present
invention, pistes are panicutarty preferred. and those wherein a
fal separation membrane i formed on both sides are preferred

[0016] There ara no particular resirictions on the material for the

fial separation membrane. i
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so long as this can produte a clarified fifirate: well-known
ultrafifiration membranes and microfitiration membranes can be
used. and the pore size of the membrane may be freely chosen
as suflatle to the objecuve. : :

(0017] The toial surface area of the flat separalion membrane
for cne of thess fiter bodies is normally chosen from within the
range of 4-20 m", The fiter body Is disposed within the filter
device of the present invention. but there are no particular
restrictions on the position at which this is disposed or the kke: i
is preferable that this ba positioned so that the flat separation
membrane 1s readily impacted by tha bunbdles and/or the curreats
crealed by the bubbies from the diflusion device, which is also
instafied within the filter devica. In particular. if a phuratity of fiter
bodies are installed, it is praforable that the flat separation
mombrane surfacas of the filler bodies be paraitel o the
perpandicular direction, and that 8 epace be suitably grovided
between each of the fiat separation membranes: meanwhite, it is
preferable that the ditfusion device be instatied below the filler
body. or below the fer body and to one side, for example, at the
battom of the gap baiween the htar bodies.

(0018] The diffusion device used in the present invention has 3
basic structure comprising a blowss, & conduil, and a diffuser
membes, bul commanly used well-known devices can bs used,
and while there are no partiasar restrictions on the structure
thereof, pipes and plates are generally used as the diffuser

[0018]) The present invention maintains the flat separalion
membrane ciean by means of the gas diffused from the diffusion
device, but there are no particulsr restrictions on the method of
supplying this diffused gax to the interior of the tank; the sotlings
for the amount supplied, the supply time, the stop tims, and the
like caii be suitably chosen according 1o the type of suspension,
the type of fiiter body, the standards for the filtrate, and the ke.

{6020] in particutar, the present Invention is choraciartzed in
that the membrane surface can be malatalned at o greater level

- of cleanfiness by intermittently establishing @ high flow rate of
diffused gas per unit of tima. In this case. it s particularly
prefersbie that tha pertod of ime for which the high flow rate is
ostablishad (Gt is shorter than the other periud of tima (Ct). The
amount suppiied pear unit of time in the Gt time is greater then
that in the Ct tims, and each of thess amounts is normatly
maintained ot a constant lovel over tims, but increasing or
decressing this or stopping the supply In elther of the time
periods is acceptable. Next, if a phwrefity of diffusion pipes are
used, this may be set up 80 thal each of the diffusion pipes Is
supplied independently, or the difusion plpes may be connected
and supplied togethor. The means used for these sotups may be

‘freety chosen, and these may be automatic or manuat; examgples
isdwemnvdolmebbw«henorcombmaﬁomoflm
and a valve, or the kxe.

(0021) Furthermore, the typs of ditfused gas may be suitably
dwmawuﬁmbﬂnmmdmmpommmm
presant invention; in the case of an aeroblc biological processing
kquid, gasses containing oxygen, such as alr, are commonly
used; in the case of an anaerobic blologicsl processing liquid,
nilrogen gas may be used. Suspensions such as these
processing Fquids may bo introduced from the exterior or may be
processed within (he device of the present invention from the
beginning. In other words, 2 is clear thal. in addition to membrane
separation funclions, this invention may have other processing
functions for poltuted water and the Exe.

(0022} While the filration melhod used in the prosent invenhon
15 @ mothod thal moves fllrate from the extenor of the fat
separation membrane, which 1s 1o say. lrom the side in contact
wilh the suspension, o the knterior of the membrane. freely

- P e e e - . .
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chosen filter pressure generation means may be used. For
exampla. 3 negative pressure may be generated wilhin the fiter
body by means of 2 pump. the tank may be sealed and the
intenor of the tank may be positvely pressurized. 3 siphon may
be used, etc. :

{00231 When a pluralty of filtes bodies are provided. the fitrate
recovery mechanism may be auch that tbis is performed
separately for each filter body. or this may be performed with the
Giter bodies connected. For example, methods include those
wherein a fittrale cutlet pipe s provided at each epacer, thess are
connacted, and suction filiration is performed by means of a

pump.

[0024}

{Embodiments}

" In the following, the operation of the present invention and ane
embodiment thereof are described with reference 1o FIG. 1. In
FIG. 1, 1 is a tank Giled with a freely chosen suspension, and 2 is
a suspension intet.

[0025) The basic construction of the membrane sepasation
device of the present invention comprises a tank 1, 2 flat
membrane module 3 which is the filler body. and a diffusion
device 7 [sic). Within the tank 1, a plurality of fiat membrane
modutes 3, wherein a flot UF o MF membirane § is provided on
both sidas of a'planar porous body spacer 4, as shown In FIG: 2,
is immersed and disposed parafle! to the perpendicular direction
with gaps 6 therebetween.

{0026] Membrane permeata outlet pipes 7 sre provided at
sach of the filter modules 3. The outlet pipe § {sic] i connected
0 2 memdsane permeate suclion pump 8. Diffuser members 9,
made from a diffusing pipe or a diffusing plate, ara provided at
the bottoms of the flat membrane modules 3; air or another ges
10 is difflused by means of a blower 11. i methane fermentation
bactesia, or such anaerobic microosganisms. are to be membrane
separated. # gas nol contalning oxygen. such as nitrogen gas or
mothane gas, is used as the gas 10. i ..

[0027] in the prasent lnvantion, the idea of inlermillently
Increasing the amount of gas 10 blown Is Important; membrane
soliing can be prevented more effectively than In the case where
pas is diffuzed ot 3 constant rate; and, i has been experimentally
confinrmod that this aows for maintenance of a high mo.
fiux for a long period of time. T

{0028} The means for Intermittently incrossing tho rate of flow
of the gas 10 are eimple and any means can be used but, ln the
axample of FIG, 1, a method is adopled whereln a blower. 13 is
provided, and 3 vaive 12 is intermittently opened and closed.

{0029} In terms of why solling of ths membrane can be
affectively prevented by intermittently increasing the rate at which
the gas 10 is diffused, that mechanism is not undearstood in detad
at the present time, but it is presumad to be as foffows. :

(m’ﬂmbbwﬁklhoumpmbhmnmmﬂ”

which the gas 10 Is diffused is intermitently Increased, the flow
pattems of the currents in the vicinily of the fiat membrane are
radically altered. snd solling substances on the membrene

mmvemwdﬂmm”mamo.mbmewbqe

Is kept clean,

{0031] it is possitie lo change the patter of the rale of flow of
the gas in various ways. but experimental results indicate thal a
method wherein this s increased in short time-period cycles is
more effective than one whereln the rate of flow of the gas Is

increased over long ntervals of time.

{0032} tn other words, for example, it is more effective to have

cydes with increased flow for 6 minutes in 1 hour than to have
increased flow for 30 mnules once avary 5 hours. Moreover. thie

size of the gap 6 between a flat membrane module 3
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and an adjacent modise (s an imponant factor. if ths 15 t00 wide.
soiling of the membrane wia progress. and o \his is too namow,
this is readily obstructed by foreign matter. Experimental results
show that 10-30 mm is optimal.

(0033} Funthenmore. the disposition of the diffusion device 9
[sc) is also quile an important factor. mast prefarably. a diffuser
member 9, comprising & diflusing pipe or plate, is instaed in
ea’gu 9ap 610 the ¢ide of the flat membrane module, as-shown in
FiG. 2.

. (wujsyvmummmaumuommm
tbowawwnmlsaedeubylhedshgbnbblesatmmol
cach membrana of the fiast membrana modules 3 in g soliable

separation membrane used in the
present inveation, various types of UF membranes (why:h st

suspension, : .
[0035) For examplp, if this Is applied to wastewater traatment
or walers supply treatment, a m ion membrane with a pore
size of approximately 0.03-1 KM can be used. and if high-level
tealment is lo be performed, UF membignes with 2 molecular
weichtamuofapmmay 1000-100,000 can be used.

The perfarmance of the present invenlion was proved
experimentally using the prosent invention as a device for
activated siudge processing of sewage. -

(oo:lnAw:torlankhavi:qawidlﬁo!:!Ocma length of 40 cm,
and a height of 70 em was flled with & slutry of MLSS 3500
my/liter activatad siudge (water level S0 cm) and two of e
following flat membrane modules were Immersed in the
perpendicular divection,

(0038] Fist membrane module specifications:

size: 15 x 15 em® MF membrane

membrans pore size; 0.5 pm

Spaoer:phsﬂcpomuabodwamamstzeolﬁOumtphle)

m«mmmmuotaummm diffsset pipe are
increased and decrsased In the following cycles.

(9039] Cyclas were repeated ag follows;

100 eis eisfminuta for 30 minutes ’

thereatior, 300 Rors of aldminute for 3 minut

thereafter, reduced to 100 liters of airiminida for 30 minutes.

(0040] Operations were continued for six months under these
conditions, and the membrane parmeate flux was as shown by
finaa hFlG.:!.OmingWsthlpeﬁod.ﬂmmoMm
was never washed with chemicals,

[0041] Furthermore, fine b in the figure indicates rgsuns for o
case whero the male 81 which the air was diffused was fxed at
100 Glersiminute. Y Is cloar that intermiltently incressing snd

dufxcreashg the amount of air was eflactive In maintgining high

Tos oS re he w0 e -

* membrane method, ellowing
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{0042] Furthermare. as the membrane used at the filter body
i the present wvention was fat. absohsely no’tlogging or
adharents of suspended solids within the hollow-fibes membrane
bundle moduie tvas observed. and this was mainterance-free.

{0043] -

[Effects of the Invention] (1) There was no adhesion of
suspended sofids. contaminents, or fiber componenis on the
membrane surface: such was the case wilh the hotfow-fiber

ing far mainlenance-free operation.

[0044] (2) it was possitie to maintain the membrans permeats
fiux at a stably high valve over 8 long period of time. (3) The fiat
membrane is almply sttached 10 a spacer snd immersed in a
tank, 30 that the device and the manufacture theteof are simple,
and the ing costs th:eol are low. & wouble

G045] (4) Meanwhils, oven in cases where unexpecte:
ros(uus in soiling of the membrane and & drop in permeation flux,
the flat membreric modute can simply be pulled oul and easily
Cleaned vith a high-pressure water spray. With the hollow-fiber
membrane method, cleaning was not possible without undoing
(Mboﬂamﬁbmmqbym,whia;couwnmbodmexcemby
humans end was exifemely labar-intensive.

[0046] (5) As the membrane surtace is planar, sach of the
mambrane {gcas can raitably recelvs the disturbances in flow
caysed by the bubbles. With hotlow-fiber membranes, & would
not be possible to provide the disturbance uniformly to the
surfaces of the hotlow-fiber membranes one by one.

{0047) Concequently, soiling Is extromely unitkely to occur.

{Briat Description of the Drawings] _

(FIG. 1] This figure saerves to describe an exampie of a
membrane separation device of tho present lnvention,

[FIG. 2] This Is a porspeciive view itustrating one example of a
fiter body used in (ha present invention. - .

{FiG. 3] This is & graph showing the resulls of an oxperimental
examplo using the dovice of the presant kvention.

{FIG. 4] This is a figure for the purpose of dascribing one
oxampts of a conventions) membrene separation dovice.
[Explanation of the Referonce Numerale}
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